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Introduction
The measurement of prenatal care
utilization adequacy depends on the accu-
racy of the index used; previous efforts
may have overestimated the adequacy of
prenatal care utilization in the United
States by incorrectly assessing utilization
after enrollment. Elsewhere in this issue
of the Journal, I discuss limitations of the
Kessner/Institute of Medicine Index' and
propose an alternative two-part Ad-
equacy of Prenatal Care Utilization
(APNCU) Index.2
In this paper I apply the APNCU
Index to data from the 1980 National
Natality Survey, a representative sample
of US births. Characteristics of the data-
base have been described previously.34
The goals of this paper are to assess the
adequacy of prenatal care utilization in
the United States and its first-order
association with low birthweight.
Distribution ofAdequy
ofPrenal Care Utilization
in the United States
The last column of Table 1 shows the
distribution of adequacy of prenatal care
utilization in the United States as judged
by the two dimensions of the APNCU
Index and by the summary (combined)
index. Overall, 61.1% of US women
received adequate or better prenatal care,
including 17.7% with more intensive
Adequate Plus care; 38.9% received less
than adequate prenatal care, including
16.7% with Inadequate care. (The criteria
used for these designations are described
in Kotelchuck.2)
"Adequacy of Initiation of Prenatal
Care," or month prenatal care begins,
shows the well-known prenatal care
initiation pattern in the United States:
87.5% of women initiated care before
month 5, and only 4.6% began after
month 6 or not at all.
"Adequacy of Received Services," or
percentage of recommended visits re-
ceived (the dimension of prenatal care
newly described by the APNCU Index),
suggests a more mixed picture of prenatal
care utilization. On a positive note, 68.5%
of women received adequate or better
prenatal care after initiation of care.
Indeed, 22.2% received additional prena-
tal care visits beyond the number recom-
mended by the American College of
Obstetricians and Gynecologists.5 Unfor-
tunately, 31.4% of women received less
than optimal care, with 6.7% receiving
fewer than 50% of the recommended
visits.
Table 1 also shows the adequacy of
prenatal care utilization stratified by race.
Black women had substantially poorer
overall prenatal care utilization; almost
twice as many Black women (27.8%) as
White women (14.0%) received Inad-
equate care. The most profound racial
difference is the delayed initiation of
prenatal care within the Black commu-
nity; 21.1% of Black women, compared
with 10.5% of White women, began care
after month 4. After initiation of prenatal
care, there is less disparity but more
variability in utilization; Black women
were more likely than Whites both to
receive too few visits and to receive more
visits than the recommended number.
Table 2 shows the full distribution of
the two dimensions of the APNCU Index.
Women whose care was rated Inadequate
(16.7%) generally did not receive Inad-
equate ratings on both dimensions; only
2.5% were rated Inadequate on both.
Women with no care (1.0%; data not
shown) were not the major contributors to
the Inadequate ratings for either dimension.
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Association ofPrenatal Care
Utiization with Low Birthweight
Table 3 examines the association of
the two dimensions of the APNCU Index
with low birthweight. (These are first-
order associations; they are not meant to
prove or disprove the impact of increased
prenatal care utilization on improved
birth outcomes. Such an analysis would
require a much more sophisticated meth-
odology than is possible in this paper.)
There is a positive linear association
between month of initiation of prenatal
care and low-birthweight rates. Low-
birthweight rates increased substantially
for women who initiated prenatal care
after the 4th month.
There appears to be a U-shaped
association between recommended visits
received and low-birthweight rates; both
women with Inadequate ratings and those
with Adequate Plus ratings had increased
low-birthweight rates. The best birth
outcomes were seen in women who
started prenatal care in the first half of
pregnancy and received between 50% and
109% of the recommended number of
visits. Those women who were rated
lowest on both dimensions had the worst
birth outcomes (18.9% had low-birth-
weight babies), although this result might
have been due to confounding with other
concurrent social risks and premature
delivery before enrollment in prenatal
care. Women with no prenatal care had a
low-birthweight rate of 26.7% (data not
shown).
Table 4 reflects both the distribution
of prenatal care utilization (Table 2) and
the rate of low birthweight associated with
that distribution (Table 3). It demon-
strates the distinct distributions of ad-
equacy of prenatal care utilization among
all low-birthweight infants and among
total births in the United States. The
majority of low-birthweight births (63.0%)
occurred to women with Adequate or
Adequate Plus prenatal care. Women
who received extra prenatal services
(17.7%) had a disproportionate share of
low-birthweight births (38.5%; crude rela-
tive risk, 2.17). Women with Intermediate
or Adequate prenatal care had dispropor-
tionately fewer low-birthweight infants.
Women with Inadequate care (16.7%)
also had elevated proportions of low-
birthweight births (24.5%). The 2.5% of
women whose care was rated Inadequate
on both dimensions had the most elevated
relative risk, but these women accounted
for only 5.3% of all low-birthweight
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TABLE 1 Ratings Assigned to Births According to the Adequacy of Prenatal
Care Utilization Index, by Maternal Race
White, % Black, % All Births, %
Month of initiation of care
7-9 or no care 4.0 7.0 4.6
5-6 6.5 14.1 7.8
3-4 34.3 40.5 35.4
1-2 55.1 38.4 52.1
% of recommended visits received
0-49 5.5 11.6 6.7
50-79 24.6 25.0 24.7
80-109 48.3 37.5 46.3
110+ 21.6 25.8 22.2
Summary index
Inadequate 14.0 27.8 16.7
Intermediate 22.6 20.3 22.2
Adequate 45.8 32.6 43.4
Adequate Plus 17.6 19.3 17.7
Note. See Kotelchuck2 for explanation of the Adequacy of Prenatal Care Utilization Index.
Percentage may not add to 100 because of rounding.
Source. Percentages are based on an analysis of the birth certificate data from the 1980 National
Natality Survey.3
TABLE 2-Percentage Distribution of US Births Rated on the Two Dimensions of
the Adequacy of Prenatal Care Utilization Index
% of Recommended Visits Received
Month of % of
Initiation of Care 0-49 50-79 80-109 .110 All Births
7-9 or no care 1.6 0.5 0.9 1.6 4.6
5-6 0.9 2.0 2.1 2.9 7.8
3-4 1.9 9.6 16.3 7.6 35.4
1-2 2.3 12.6 27.0 10.1 52.1
% of all births 6.7 24.7 46.3 22.2 100.0
Note. See Kotelchuck2 for explanation of the Adequacy of Prenatal Care Utilization Index.
Percentages may not add to 100 because of rounding.
Source. Percentages are based on an analysis of the birth certificate data from the 1980 National
Natality Survey.3
TABLE 3-Low-Birthweight Percentages for Women Whose Prenatal Care Was
Rated on the Two Dimensions of the Adequacy of Prenatal Care
Utilization Index
% of Recommended Visits Received
Month of
Initiation of Care 0-49 50-79 80-109 >110 All Births
7-9 or no care 18.9 10.4 8.0 7.9 11.9
5-6 7.5 7.7 7.3 13.4 9.7
3-4 9.0 4.6 3.9 15.7 6.9
1-2 9.1 3.3 3.9 14.5 6.1
All births 11.3 4.3 4.1 14.3 6.9
Note. See Kotelchuck2 for explanation of the Adequacy of Prenatal Care Utilization Index.
Percentages may not add to 100 because of rounding.
Source. Percentages are based on an analysis of the birth certificate data from the 1980 National
Natality Survey.3
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TABLE 4-Distributions of Total and All Low-Birthweight Births, by Adequacy of
Prenatal Care Utilization (APNCU) Index
All
APNCU Low-Birthweight
Category Total Births, % Births, % Ratio
Inadequate 16.7 24.5 1.47
Intermediate 22.2 12.5 .56
Adequate 43.4 24.5 .56
Adequate Plus 17.7 38.5 2.17
Note. See Kotelchuck2 for explanation of the Adequacy of Prenatal Care Utilization Index.
Source. Percentages are based on an analysis of the birth certificate data from the 1980 National
Natality Survey.3
infants in the United States (data not
shown).
Discussion
The APNCU Index suggests a more
somber picture of prenatal care utilization
in the United States than do the other two
major prenatal care indexes. TheAPNCU
Index suggests that 61.1% of women in
the United States receive adequate prena-
tal care, compared with the 65.9% sug-
gested by the Kessner Index and the
77.9%2 suggested by the trimester of
prenatal care initiation. Similarly, the
APNCU Index suggests that more women
have inadequate care (16.7%) than is
suggested by either the Kessner Index
(7.7%) or the trimester of prenatal care
initiation (4.6%). The lower rates of
prenatal care utilization adequacy indi-
cated by the APNCU Index reflect the
index's more complete assessment and
the added contribution of prenatal care
utilization after initiation. Overall, the
APNCU Index ratings imply that one in
six American women have inadequate
prenatal care and almost two in five have
less than adequate care. These are truly
disgraceful figures for our country.
Both the timing of initiation and the
number of prenatal care visits contribute
to the poor overall prenatal care utiliza-
tion rates. The fact that care rated
Inadequate on one of theAPNCU Index's
two dimensions is not generally rated
Inadequate on the other suggests that
recruiting women into the prenatal health
care system and keeping them there may
be two distinct phenomena. The APNCU
Index suggests that late initiation of care
is the more significant problem in the
United States, which agrees with recent
data from cross-national comparisons of
prenatal care utilization.6
The poorer prenatal care utilization
by Black women than by White women
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suggested by the APNCU Index is consis-
tent with the results of other national
analyses.7-9 Delayed initiation of prenatal
care, not received services, appears to be
the principal reason for the racial dispar-
ity in utilization. That more Black women
than Whitewomen receive Adequate Plus
services can be interpreted positively as an
indication of the health care system's
responsiveness to higher-risk Black
women; unfortunately, however, more
Black women are also not receiving
minimal prenatal care services.
The U-shaped association of low
birthweight and prenatal care utilization
indicated by the APNCU Index is clini-
cally plausible and has been noted previ-
ously.10 Extensive prenatal care visits have
been linked to high-risk pregnancies.""2
But perhaps because the predominant
Kessner Index has no classification for
intensive prenatal care services, the asso-
ciation between low birthweight and pre-
natal care has been predominantly de-
scribed in a more linear fashion,
emphasizing poor birth outcomes directly
related to poor prenatal care. Women
who receive extra prenatal care visits are
clearly a very high-risk group, but they are
already known to health care providers.
The efficacy of prenatal care interven-
tions, rather than access, may be the
important issue for these women. Their
high proportion of low-birthweight births
should make us somewhat sanguine about
proposals to improve US infant mortality
rates that simply recommend more prena-
tal care visits generally or for high-risk
women only.
The relationship between prenatal
care utilization and low birthweight is
determined in part by the measure of
prenatal care utilization. Given the el-
evated low-birthweight rates among
women receiving Adequate Plus services,
the weak correlations between the Kess-
ner Index and birth outcomes reported in
the public health literature may now be
better appreciated.11'13 The majority of
low-birthweight births in the United States
occur to women with adequate or better
prenatal care utilization, irrespective of
whether one uses the Kessner Index
(52.2%), trimester of prenatal care initia-
tion (70.1%), or the APNCU Index
(63.0%) (data not shown). An Inadequate
rating on the APNCU Index is, however,
associated with a higher percentage of the
total low-birthweight distribution (24.5%)
than an Inadequate rating on the Kessner
Index (14.9%) or the trimester of prenatal
care initiation (8.0%). The ability of the
APNCU Index to more accurately and
comprehensively assess prenatal care utili-
zation should enhance our understanding
of the association between prenatal care
utilization and birth outcomes in the
United States. l
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There is strong evidence indicating
that active matemal smoking during preg-
nancy is associated with reduced birth-
weight in the mothers' offspring.1'2 Defi-
cits ranging from 90 to 300 g have been
reported. However, available data on a
possible effect of mothers' passive expo-
sure to cigarette smoke on birthweight are
less convincing. MacMahon et al.3 re-
ported that infants whose fathers smoked
had a mean birthweight 85 g less than that
of infants whose fathers did not smoke.
Martin and Bracken4 reported that pas-
sive smoking by nonsmoking mothers was
significantly related to delivering a low-
birthweight newbom, after adjustment for
confounding factors. Rubin et al.5 found
that fathers' smoking was associated with
a mean reduction in birthweight of 6 g per
cigarette smoked. It has been suggested,
however, that a significant proportion of
these effects were attributable to smoking
mothers who were classified as nonsmok-
ers based on their responses to question-
naires.6'7
The aim of this study was to deter-
mine the possible effect of patemal
smoking on birthweight. To assess the
influence of misclassification as a possible
source of bias, levels of cotinine (a
metabolite of nicotine) were measured in
cord blood of a representative sample of
the population.
Subjects andMethods
The study subjects were enrollees of
the Tucson Children's Respiratory Study,
a longitudinal study of risk factors for
lower respiratory tract illnesses in infancy
and childhood.8 Newborns whose parents
used one of the largest health mainte-
nance organizations in Tucson, Arizona,
were enrolled. Premature infants were
not excluded if they were healthy. A total
of 1596 infants were eligible, but participa-
tion was refused for 350 infants (22%).
There were no statistically significant
differences in terms of parental smoking,
parity, maternal employment, or house-
hold size between families who refused to
participate and those who enrolled their
newborns into the study.8 However, en-
rolled and refusal groups differed signifi-
cantly in terms of marital status, parental
age, parental education, and ethnicity.8
Information on birthweight, mater-
nal and paternal education, number of
previous births, duration of pregnancy,
and ethnicity was obtained by study
nurses while mother and newborn were
still in the hospital. Each parent was given
a questionnaire concerning, among other
issues, his or her smoking habits. Specifi-
cally, mothers and fathers were asked
whether they smoked regularly and the
number of cigarettes smoked daily (none,
1-10, 11-20, and > 20). Because question-
naires were answered within the first
month of life of the child (median = 15
days), parents who said they smoked were
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